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ABSTRACT 

Reducing the costs of teaching by television through 
slow-scan methods is discussed. Conventional television is costly to 
use, largely because the wide-band communications circuits required 
are in limited supply. One technical answer is bandwidth compression 
to fit an image into less spectrum space. A simpler and far less 
costly answer is to transmit still images only, through what has been 
called slow-scan television. Transmission rate is reduced and 
bandwidth can be reduced, with a corresponding increase in the number 
of video communications channels available. Slow-scan television or 
"still picture" television is available from several manufacturers, 
but it is still a very small industry, with most efforts concentrated 
on equipment designed to operate within the existing telephone 
network. Satellite experiments with still videos date back to the 
1960s, and a variety of techniques can be used for transmission. 
Several projects have used still video transmission. The most 
significant project has been a news program service by United Press 
and a satellite channel focusing on women's issues. The approach has 
been used in medical education, in other educational endeavors, and 
by the government for a variety of uses. Although the effectiveness 
of still video image has been demonstrated, it has not found 
widescale adoption. (SLD) 
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earlv iqin'f ?h^V^i^r''^"J" ^"^^^^ States essentially began in the 
min inlc A ^"/"^ foundation and various other agencies provided 
millions OT dollars for experiments in this new and novel forn of corn.m 
ication. Over the next 30 years it was discrverpd thp^ t ot con^^mun- 
possible to instruct students at l ^TsUnce i^^^^^^ ,,,,, 
ran^frf'ln";/"'-''"^' television has bee^ ed to ^ ovld a ^ de 
f??st L'd^s'cond'^rad^^s? ''''''''''' ^^^^^ --^^ ^Ja^^es for 

S-.tP. h^^ l^tlTl"- "ss'^^-y every school of higher education in the United 
^dSl^-5n 1 t.i?-" ^^^^^bl^^^-ent 0^ some nature, and over 400 

in'muMol X^^^ ''S °P^^^'^i°^- sdditicn to broadcastino , r.^r.y 

insiitL.ions operate closed circuit systems on caTious r--*- 

T;^:;°!!^rt ^i^^^^p^^^' power trLsmitte?3 T id' ^'pr:^;^o;s' - 

1^. "^f ^"^-"'^'^ -'^"^■■^ instructional capabi itv. Th« N^tion = l Srh'^^ 
logical University, based in Colorado, us«s cate lit- facMft p^in f""""-. 
engineering courses to a nationwide audience; and ;^™ ^ ■ ;hy a^^ 
provides a wide range of satellite delivered educatic4 niat=" ? r.- 
?o'Hn"-^'°'' IV^^ ^^P^^-y growing audiences and o^h^^r -h^'u-.i"^'' 
looking rorward to the use of satellites. In add tiop An--3n^'dr-rw 
IS becoming a major user of instruction by Ltel^-^ .^iVh'^-^Do^ M ' 
providing training to employees and customers b; tT-!; mc-ans' 

Whether 1^1^]^^ ^^[^^[^^ ?t1f ^i^^L^Jro^^^^i^S^ ^^T' 
serves more than a relatively small fraction of ^h^poj^i t or- V^'b s- ' 
^^-L n,-n?'^-""'-"^^°"'^ television is costly! Not^°e'c^a' iy f ^cm n'ie 
c^mS i° s^^frJJuf bec^us^^^hl'S'de^b^nd 
disparity between preXntl^^^^^cl^a^S l^^^^^. [^.^.^Jr^jUlwo 

Denver, ^,^^^^11^^^ ^S^^ J^^^t^^ 

fess^'T;^'"'' ^^^^ "P^^ity °^ three a^Il ^;.^ ^1o;|/" 

Less? What amount or spectrum space would be required to^^'Micatl ^hp 

nsmSl'n^^lP^'^?^ °' ' university such' s HarJ rdl' i- a ens 

Institute ot Technology, or the University of Illinois? a„nu.-,e.ts 

Video teleconferencing, in the form of person-to-ner^on or rmm 
lo-group visua communications, has received an incrLis?nql-j^nf n"^ ' ~ 

communications capacity provides a serious restriction to w t m'^h' 
otherwise become a t;igh degree of useage. ^ 



ft<^ nnn nL.-'I" Boulder. Colorado has a population of approximately 

StaS?ardf 'nH f ^^^^ i^V. ^ division of the National Bureau of ^ 
Standards, and is the home of a number of high tpchnoloqv manufacturinn 

De k'dL\'nS'ir?Mi^''^°"^- '''r''' ''''''' use 0? vX ? :I a ns, 
eauivafpnt nf Jiit "■^'^■^nity might easily exceed 200 channels, or th^ 
equivalent of eight older generation satellites. 

tn fit J^L^foJ^K?'^ 'I]'''^'^ °^ bandwidth compression in order 

^h.^ ^ acceptable video image into substantially less spect-um soace 
s?nce ?Se IS.n^J '"sgaHertz. Research in this area has bein carried on 

^5° ' involved efforts on the part of universities 

nf Tn-l'J'i'^ government agencies such as NASA. The rap d growth 

of digital technology has made feasible the implementation of copMp^ h?nh 
speed computation, which in turn has allowed some verf mproL've' ' ^ 
reductions in the data rates required for video siana^ tr^n^mi^Hnn 
example. Compression Laboratories, f U L ^'r^mLuVct ? JJ^en^ 

to transfers?? l-nical^a^ l^^^^^^l^^l^ 
bacK to the early I950's with the International Te eoh'ne and TeleoraDh 
company^being one of the earliest organizations to manufact™^Irc^ 

The rationale for "still picture" television or Slow-scan tv 
It was earlier called, is simple. In order to crea^^ ar' aSptab e 
semblance of motion conventional television transmits 25 or 30 ^io-v 

^^^^"d. If the transmissfSn rate s re coi't;' 
cen second, per picture there will, of course, be no motion in the disolav 

can be reduced by a factor of 250 or 300 depend ^-nS u-n 
where you live; and a roughly corresponding increase in th- numKr of viH.n 

be™ained°E: T.Zt'' ""f' '^''''^'^ F2rthe"^:nd"d^^ec 1 e c 
Of ?he"?ansmftlTS. "'"^"^ '''''' 

An additional advantage of Stili Piclnrp trpncmi ccinn 4c +^.,4- 
Tnll''''.'^'' to.virtually. any communlcatioL med uT? m' a of b sic 
voice grade circuits, such as the dial-up telephone system to hiah coppH 

eipi ; d'' nd'^tur;.^'^''"' '"?-°Sk°^ ^^Sitaf transJlission'ma^ ' 
employed, and sti i images may also be intermixed with conventional 
television transmissions in several different ways. ^.n/enticnai 

Slow-scan television hardware is available from a number nf 
manufacturers throughout the world, but is still a very LalT ir'dSltrv 

video input from the TV camera, storing a sincle fiPld nr TrJl Tn 
out at high speed to recreate an image on a television monitor 



Which n.aJ'be'verv'sLMfPaiJ IT^J" '?'=^'= °Pt:=" 

The scan conversion crociss the- mSft^if """3*' a^H'isition. 

such as transmIss?on'o?1 ™u eS ^ ? ertia? l^'t^S'^'fl,"''' 
components, or a direct conversion of a coSpcsl e e^'oded p1 f4r"' 

^rre^ii.v 2;- r-'^o^f^^i'^- J?^h^:ir,Sa^?i-^ £rr ""'^-'"-■-'-^p'-ed 

ar. NTSC or PAL fon« of video' Ignal 'gene^aled 'or d n,"' '-"i''"'!* 
i?'r:S"re5.*''"""" --?"!oTc1i;r,fli1o^'hS rialfaSir^'' 

a variet?S'^SnnEir";:^?:ruSj'Jor'??^„i%?^S^ ^^'^ ^'^ 
resources available are Sinole cL el Per er rf' '''^ 

interval of a normal Wdeo s?crM """,'5 banking 

Seliln;-e:ts oK i 

single^wide band ^^^^^^^ of^^Kf J?So^1;?t?p'Lt„g. 

infor.at™n ?v^'a'Jfde\eog'ajLcai1rJ°Vf ""^^''^st" transmission of 

simple point-to-poinrco^ ic E S oarticS a??? .'n' '"<^'"<^^ 
hard to reach locations Grnnnd »t,ti„^ , ■ ? '^'"^ °' remote, 

station "Teleports" Eo DortaSle t^^^^i??/"""'?"'^"* ""9^ f™" ""^d 
in two suitcases!' sjurf S 'v d 1 5S^jr?s1::lj°l?/"^\r%P=='"Sed 
inexpensive systems operating over voke Srade c rr fj *^?™ 
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included: 



Projects utilizing still video image transmission by satellite have 



- Project "Prelude," an experimental teleconferencing demonstration 
jointly conducted by NEC, IBM, and COMSAT. 

- Emergency medical services orovided by the Memorial University of 
Newfoundland to personnel aboard off-shore oil platforms. 

- Medical services, including training in prodedures, to small, 
isolated, villages in Canada, throuah cooperation of the Sunny- 
Brook hospital in Toronto and other institutions. 

- Medical training to a series of small hospitals in App5l;»chia, 
sponsored by the United States Veteran's Administration as part 
of experimental demonstrations using the ATS-5 satellite. 

- Medical assistance to the British Antarctic expedition from the 
Center for Off Shore Health in Aberdeen, Scotland. 

- A commercial venture in California providing high quality 
transmission of X-Ray images from a mobile uplink. 

- Weather monitoring in Alaska to assist aircraft landing at Valdez 

- Use by the University of the South Pacific for instructional and 
otner communications using a voice grade channel on the ATS-1. 

- Experimental use by oil companies from both land ba^ed and off- 
snore platforms for assistance in trouble shooting procedures. 

- Emergency disaster tests by NASA using portable equipment. 

- Engineering conferencing by U. S. aerospace companies 

- Communications by U. S. Government agencies 

- Transmission of continuous, 24 hour, news programming to cable 
systems throughout the United States, 

- Origination of a specialized 24 hour informational program 
service designed for the women's audience. 

The last two items deserve special mention, as they proba^lv 
represent the most significant use of st^ll picture transmission by 
satellite. The first, a program service created by United Press Inter- 
national, provided continuously updated national and international news 
in the form of still images and simultaneous voice commentary. Programming 
wos originated and uplinked near Atlanta, Georgia, and was transmitted by 
using two subcarrier channels of transponder #6 of SATCOM II. The main 
E?o?°" °c transponder carried "real-time" programs from what is now 
WTBS, a Super-station" reaching millions of viewers via cable 



_ The program service was called "UPI Newstime" and obtained most of 
flnl Vli'^ program material from UPI facsimile transmissions, as we? a? 
from a 35 mm slide library also provided by UPI. A ten kiloHertz channel 

P^^^^-^e transmission and allowed a new monochrome image to be 
kUoStz rh^nno7 ^^9ht seconds Associated audio was carried ove? a ?ive 

fii thP fim?t^H ' '""'^^ ^^^^i^y 3s well as being adequate 

tor the limited amount of music used. m " 

cn,.,-n,n nt'^^^^^^'"^^ programs were first prepared on conventional video-tape 
equipment which then continuously played back a 15 minute secment of news! 
^n u 'li'^^°H^^'"3 transmitted directly and the video portion being ^edJc-d 
.n bandwith to approximately eight kiloHertz by means of a simoll, hiqh 
quality, scanconverter. A dot-interlace format was used in orde^ to 
acheive superior subjective image quality similar to the techniaues used in 
printing processes. Note that though the system had the capab ity of 
updating pictures every eight seconds it was found that operating thi^ 
rapidly was annoying to the average viewer, and appropriate delay in the 
acLp?anJe?" ''''' in^o^^^ation was an important factor iJ Audience 

Receiving locations for the UPI Newstime service were tyni^s'iv 
cable television "head ends," where satellite downlink equipmenl was'used 
IrnlT^ir TV program services. T.o subcar?ie? deLdu ators 

provided audio and narrow bandwidth video signals, with th- lattPr hPinr 
re-converted to 525 line U. S. TV standards be?ire reSa^s^i "n to ' ble 
viewing homes, in this manner a relatively inexpensive ins . aUon cou d 
provide a continuous news service to thousands of individui n the cab e 

P^'^^'"""^ ^PP^^'^s^ °" the television screen arowinr 
movemen;! "''''"^ ^^'"^^ giving , sensallcn of 

.ry.i^l^ Newstime reached approximately one million homes, and apreared 
LO acheive remarkably good viewer acceptance. This was born out by a fuU 
scale audience survey by the A. C. Nielsen company early in 1980 To a 

av LlS'at't'hSr?''^^' '''^ similar'news 0?? riJg ias 

a/ailaole at that time, nevertheless the success of this form of video n«w<; 
delivery ed to the creation of a second program service usinc sti 1 nirturp 
transmission, this time in full color. service using stUl picture 

The "Woman's Channel" was initiated by Southern Satellite SvstPmc ^ 
company based in Tulsa, Oklahoma. Two hours of new programs weJl o^oducPd 
daily, video taped, and the tapes flown to an upHnk^'°?e ? Georgia ?or 
conversion to the still image format and subsequent transmission bislt- 
e lite subcarner As a 24 hour service, tapes were replayed 12 tim's a 
oay. While on weekends the preceding ten hours of material was reb^oadcast. 

As with UPI Newstime, only a small staff was required to ran'^lp n11 
nht^^n H^r'^°S' °' '^"'"'"'^ ^^^""^^> much of the ma^er^/l used wa 

3uJ af tJe'"Si5°vT?rHi°" "i'^l'''^'^ ''^'^'^ magazinef 

oucn as the Family Circle." Although no formal audience studv was made 

Jasif'IJS%!;r'''' aPP^-oximately one half .nillion home o a 24 hour a day 
bas s, and the same still picture programming reached nearly three million 
addit cnal homes for two hours daily on a separate, full ba^dw d h, p^ig^Sm 
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are ^..v In^nran^i' \ ^'f^^ informational or instructional programs 
^nH llll^r ^ t^^"^^ ^^'^ ^""^ '^o^'^- Although images of the presenter 

P^lSt'I 'i''?^' ''^ desireable to establish a sense of rapport, the 
f hS^ ih^''^°' meaningful graphics. These might include images from 
slides, photographs, drawings, schematics, blueprints models anatomirM 

nir.tr^ir°n-?P' '^'"^'V °' ' ^^^^^V of Images that ca use? 

r Lr commentary. A very important point! however, aud o mu^t 

be clear and easy to understand no matter how good the pictures. 

consistin^'ii Pjcture origination hardware can be simple and inexpensive, 
consisting o, as little as an industrial grade TV camera, monitor and a 
can converter connected to the communications link. In man? instances the 
2; men? and'fn"'iS?/ P^°9ram_will also operate both video'aJd a S o 
equipment, and in this case it is useful to have graphic information 
pre-prepared in a suitable TV format in order to Minimize in?eru^i?Sn 
whue the speaker repositions and focuses the camera. 

devices Jan ^^h.?In^^^n' ' '^^^^ projector, and other video 

aevices can substantially improve the smoothness of a presentation In 
many instances if may also be desireable to have a second persoJ operaJe 
m te'Sa?°at'h'anr"'p '''' leaving the presenter free to concen??a?e o the 
nftllt . Programs may also be prepared in advance in a variety 

of ways, with perhaps the simplest being to use a conventional vid-n taoe 
recorder ana subsequent play back of the tape through a scan conierw'^" 
as was done inboth the UPI Newstime and Women's channel operations 
Image storage in low cost personal computers is also practical a^d'gives 
Je?satiil?y! ° "electronic slide projector," but with much grefte? 

Receiving location equipment is also simple and straitforw;-rd wi+h 
a scan converter generating a conventional video signal fr'm Se narrow ba?.d 
still picture transnission. Audio and video may be reproduced secara^elv 
or combined in a small radio frequency modulatof f or rSrSs fo ?o ' ' 
ordinary television sets. Again, the fact that both video and audio sianalc 
are in a conventional format means that large screen display videota'p 

accon Hih ''F^rlhfr'"!; '^''l'' '''''' o er^t?^ns"?I°e sy to 

accomplish Further, by using two or more memories in the receivina ^ran 
converter it is practical to display multiple ImagL ?o an audfen^e^ 

svsten. ILp^!;!:h^J^ majority of users of still frame video communications 
systems have used terrestrial communications circuits. The aoDlicationJ 

Ve%Zl\Tllo' ''r""' ''''''''' satellite {rILds 'ii d be 

feasib e If economics permit. In the field of education Michiaan Techno- 
logical university has provided instruction at various levels bj trans 
mitting narrow band still video signals over a 67 kH subcarrLr of WGGL FM 

was carried on a second subcarrier, leaving the main channel available for 
fS'ra i^sL'tTj^'-H ' ^^^-^project in South Bend, Indiana aisi u d 
hM radio station subcarriers to provide instruction to grade school and 
high school students. Utah State University is presentljDrovidina soecial 
courses in color, to towns throughout Utah by using SJe TV flJeJn ?he 
vertical blanking interval of conventional television program frans^fued 

fLfu'r^'^L' ^'^l ^^^y U^^*^' The UtaS'p 0 e t aS 

features selective adressing of pictures, as well as placing two ?6 inch 

CO or monitors in each classroom to allow two different images to be 
displayed simultaneously. 



Voice grade telephone circuits, either dedicated or dial-up, have 
been widely used for instructional purposes, with virtually all systems 
.iJT^rf n^-^''^^-' ^"u ^^y- interactive communication. In this category 
Jtah Stcte University has a network of 15 locations, tne University of 
?n'^h^'n"-fTc;^ serviced 26 cities, and approximately 40 other schools 
in the United States and Canada have operations of varyina size. In two 
cases the University of California at Chico, and West Hartford public 
schools in Connecticut transmit live full motion TV programs to the class- 
th^teacher^ ^"^^^^ ^"^^'^ ^° ^^"^ Pictures of the students back to 

i-h..o Jn^ernational instruction via voice grade circuits has included 
three medical teaching projects: The University of Ottawa in Canada and 
a teaching hospital in Kingston, Jamaica using full color imaoe transmission 
^ "'1^!^^- "^^^ Memorial University of Newfoundland, Canada, and 
the University of the West Indies. New York University and students in 
Puerto Rico. In addition, the University of Hawaii has conducted a series 
of stiK image meetings between language students in Hawaii and students 

n^nni^S' ? ^"'^ ^^P^"- The University of Cinccinnati has 

prov ded supplementary material to a visiting professor in China, and the 
Massachussets Institute of Technology has participated in special demcn- 
otrations of video art to groups in Vienna, Austria and Zurich, Switzerland. 

Instruction by means of still image video has included medicine 

ir-?nn^'^nn.coc''''^?^-^;.^"'^''5^' government, history, art, and telecomrnun- 
iccuions courses. Further, several institutions, such as the University 
or Oenverand the University of Cinncinnati, have conducted experimental 
programs m library iRformation retreival. A significant use of still fra-e 
video, pioneered by Dr. David Swift of the University or Hawaii, i^ the 
presentation of guest lectures by well known scientists with images and 
audio being transmitted to the classroom from tne presenter's own office 
or laboratory. 

-.•H.n-/ T''^'^ experiment in the combination of still frame television and 
satellite transmission was conducted in the fall of 1986 by Colorado Vdeo 
In this instance, authorities in the field of Tele-education used still " 
wShI'TV ''^^^'c" epuip'^ent to make presentations by satellite to a nation- 
wide audience Speakers in five different locations throughout the United 
States including the island of Hawaii, employed the "dial-up" telephone 

Sf^hfc n'n^iriK'"'^ '"^'^^^ "^"^ commentary to an uplink location in Colorado. 
At uhs point the narrow band video signals were scan-converted back to 
normal broadcast standards for distribution via satellite to approximately 
40 viewing locations throughout the country. Total cost for the one hour 
and fifteen minute program was a small fraction of that which would be 
involved in the case of live "real-time" origination from each of the sites. 

The medical orofession has shown interest in still picture 
transmission since tne 1960's. As might be expected, a major area of 

n 'I interpretation of X-Rays and related radiological 

images such as Ulfasound, Infrared, Nuclear, NMR, and CAT scans A firm 
based in Los Angeles, California. Professional Satellite maginq now his 
a fleet of four mobile uplinks for use in transmission of su?h d acno.ti? 
material from small hospitals, clinics, or private residence^ba^^ Jo 
?f Iicn I I 1°"^ professional readings. Telephone line transmission 

IS also being used by as many as 500 radiologists in the United States and 
Canada, buu generally does not have the quality or speed of satellite 
communications. 
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Emergency medical assistance has been provided to at least one m-nr 

as the ability to see and hear^^^mil membe?! m y^'am e'?hVdTS'?e's'' 
of strange and sometimes frightening surroundings. 

wide ranqfofaDDHLf^nn^ video by government agencies has encompassed a 
is as ?Sllows: ^'^ ^oing into detail, a partial 1 isting 

- Evaluation of quality requirements for the transmission of X-Rays 

- Ship to ship and ship to shore emergency medical research 

- Administrative teleconferencing 

- Transmission of scientific data 

- Observations of Solar phenomena 

- Data remotlng in various applications 

- Transmission of radar imaces 

- Library information retrieval 

- Mine rescue operations 

- Educational projects 

- Emergency situation monitoring 

- Weather and environmental monitoring 

- Records retrieval 
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In addition to executive meetings a corporation may find still 
frame video useful in the following areas: 



Advertising Field service 

Consultation Information retrieval 

Construction projects Instruction 

Engineering Medical assistance 

Environmental monitoring Sales presentations 

Fast, low cost, visual communications can be highly valuable in solving 
production line problems or providing needed expertise in many other 
industrial or engineering operations when even one days delav may mean 
costs of literally hundreds of thousands of dollars. 

International video communications are practical and relatively 
low cost when still picture transmission is used. In an increasing number 
of situations the engineering and subsequent production of major products 
such as automobiles requires international cooperation. As an example, 
the Ford Motor Company has used still image communications to coordinate 
engineering design work in the United States, Great Britain, Germanv, and 
Italy. General Electric has used the same technology to speed ud the 
analysis of metalurgical samples by transmission of electron microscope 
images from an installation in Ohio to operations in Berlin and Tokyo. 

In ccnciusicn, regardless of the potential excellence of a given 
technology it must find a niche in the real world or it will be ignored. 
The effectiveness of still image video has been proven in many situations, 
but it still waits any form of wide scale adoption. Nevertheless, in the' 
1990's the combination of satellites and still video will have the ability 
to serve thousands of informational needs and millions of people throughout 
the world. 



